Genomes are shaped by the interaction of diverse processes and evolutionary forces: recombination, gene conversion, mutation, selection and demography, as well as recurrent cycles of polyploidization and subsequent diploidization, along with hybridization and the associated processes of admixture and introgression. Disentangling the effects of these processes on sequence variation is essential not only for understanding how genetic diversity is generated and maintained but also for tracking down allelic variants responsible for phenotypic variation. A. thaliana and its close relatives have been at the forefront of investigations of these processes in plants 1, 2 . For example, both the local and global population structures of A. thaliana, which reflect the species' migration history since the Ice Age as well as the surprisingly frequent outcrossing events between the inbred strains, have been studied in considerable detail 3, 4 . The first genome-wide haplotype map of a plant was produced for this species 5 , and the information from this endeavor has already been successfully used for genome-wide association studies (GWAS) [6] [7] [8] [9] . Despite the rapid progress in linking genotype to phenotype, a major gap remains in the ability to identify alleles that are directly responsible for variation in adaptive traits. As in humans, the complete sequencing of genomes provides an essential stepping stone toward this goal. Moreover, the recent completion of a reference genome sequence for the species' closest relative, Arabidopsis lyrata, is informing the interpretation of polymorphism patterns in A. thaliana 10 .
Exploratory efforts with a small number of strains suggested early on that short-read sequencing is an efficient means of describing whole-genome sequence variation in A. thaliana 11, 12 , and on the basis of early successes, a 1001 Genomes Project for the species has been advocated 13 (see URLs for project website). Here we present results from the first major phase of the 1001 Genomes Project, an analysis of 80 strains that were chosen to represent the genetic diversity present in eight populations across the entire native range of the species. The study design supports systematic investigation of the effects of geography and demography on whole-genome sequence variation.
A r t i c l e s
for each strain, we produced 200-bp insert libraries and generated 10-to 20-fold coverage (average 17) with 42-to 64-bp paired-end reads on the Illumina Genome Analyzer platform (Supplementary Table 1) . We first predicted single-nucleotide polymorphisms (SNPs) and 1-to 20-bp insertions and deletions (hereafter called small indels) in unique regions on the basis of single-read alignments against the 119.2-Mb reference genome, excluding 6.8 Mb of highly repetitive regions 11, 12, 14 . For 67.3% of reference positions, we had information from at least 75 strains, and for 43.6% we had complete information. We randomly chose 273 non-overlapping fragments to validate 325 predicted SNPs and small indels, including 93 low-quality singleton SNPs. We could PCR-amplify 304 sequence variants; dideoxy sequencing revealed that all carried the predicted mutation (Supplementary Table 2 ). We also used discordant mapping of paired ends to reveal structural variants (SVs) of at least 20 bp in length (Supplementary Note). Of 40 randomly chosen SV deletions with a predicted size of 22 bp to 14.3 kb, we obtained PCR products for 39, all of which were validated. However, this also revealed a bias in our estimates of SV deletion size, with the true size being on average 5 bp smaller (Supplementary Table 2) .
Across all 80 strains, we identified 4,902,039 SNPs and 810,467 small indels (Fig. 1b) , most of which were found in at least two strains. Variants present in at least two of the eight geographic regions included 2,684,863 SNPs and 370,258 small indels, which together covered 5.7 Mb of the reference genome (Supplementary Fig. 1 ). As few as 56 accessions were sufficient to detect 98% of all SNPs shared between regions (Fig. 1c) , and as few as 67 to identify 98% of all nonprivate SNPs (Fig. 1c) . Although a large number of rare SNPs remain to be discovered, we have captured a substantial majority of common SNPs (Supplementary Fig. 1 ). Taking into account the experimentally determined mutation rate 15 , the SNP data indicate that the effective population size of A. thaliana is between 250,000 and 300,000, which is close to previous estimates 16, 17 .
Because of uncertainty associated with the precise locations of SV ends, the number of unique SV deletions was more difficult to determine, but conservatively was at least 174,789, of which 49% were detected in more than one strain (Supplementary Fig. 1 ). In addition to SVs in unique regions, we identified variation in transposable elements. Of 31,189 transposable element insertions annotated in the reference genome, 24,917 (80%) showed evidence of being partially or completely absent from the genome of at least one of the 80 sequenced strains (Fig. 1d) .
To assess sequences that were too divergent for alignment to the reference, we assembled de novo unmapped read pairs along with pairs where only one of the two reads had been mapped. We recovered 43,003 contigs of minimum length 200 bp that could be anchored to the reference genome through 50-bp overlap of at least one end, indicating that they indeed came from A. thaliana genomic DNA. The largest such fragment was 9,059 bp (Fig. 2a) . A substantial fraction of fragments could be aligned to the genome of a different A. thaliana strain, Ler-1 (ref. 18) , or that of the closest sequenced relative, A. lyrata 10 , suggesting that many of these sequences reflect the ancestral state of A. thaliana ( Supplementary Fig. 2 and Supplementary Table 1) . We also inferred copy-number variants (CNVs) of minimum length 1,000 bp on the basis of coverage and the presence of pseudo-heterozygous SNPs 11 . We detected 1,059 CNVs covering 2.2 Mb of the reference genome, of which 393 overlapped with coding sequences. Many were found in more than one accession (Fig. 2b) , and for more than half, differences in relative coverage suggested that accessions belonged to distinct groups with varying degrees of copy-number variation (Fig. 2c-e and Supplementary Table 3) .
On the basis of the first-generation haplotype map of A. thaliana 5 , over 1,000 accessions are being genotyped with a 216,000-SNP array 6 (the 216k SNAP array; see URLs). Although the assayed SNPs are in many cases sufficient to detect significant genome-wide associations with a wide range of phenotypes 6 , they contain only a small subset of functionally relevant polymorphisms. In contrast, with the much richer information from whole-genome sequencing, it should be possible to directly discover many of the variants causal for phenotypic differences. To increase the value of the information from the 80 strains for GWAS, we therefore investigated their utility as a resource for imputing genotypes in accessions analyzed with the 216k SNP array. As a case study, we considered four accessions that were not among the 80 strains sequenced in the current study. On the basis of very high sequence coverage with different types of Illumina libraries, the genomes of these strains have been assembled using a reference-guided approach 18 . We first called all 216,000 array SNPs in the four accessions and used these data to impute all SNP positions for which we had at least 90% information in the 80 strains. When allowing for no more than 5% missing predictions, accuracy for the remaining sites ranged from 97.8% to 98.2% ( Fig. 1e and Supplementary  Fig. 3a-d) , which is similar to what has been reported for the human 1000 Genomes Project 19 .
Global patterns of polymorphisms
Linkage disequilibrium (LD) in the global population of A. thaliana is limited, reflecting relatively frequent outcrossing as well as rapid migration 5 , yet isolation by distance over several scales is easily detected in Eurasia. The species exists in metapopulations, with genetically identical plants in the native range being generally restricted to individual stands 3, 4, [20] [21] [22] . Within each region, the proportion of SNPs not shared by other regions ranged from 1.7% to 12.7%, and the number of private SNPs per accession was between 322 and 93,199 ( Fig. 3a and Supplementary Fig. 1a ). The population from the Iberian Peninsula and North Africa had the highest fraction of region-and accession-specific SNPs, whereas Central Asia had the lowest. F ST , an indicator of allelic differentiation, ranged from 0.06 to 0.21 when the eight regions were compared. Caucasus and Eastern European accessions were the least distinct, with a pattern of admixture between them revealed by STRUCTURE ( Fig. 1a and Supplementary Fig. 4 ). The Central Asian and Southern Russian accessions were much more highly differentiated from those in the accessions of other regions than from each other, consistent with a principal-component analysis and STRUCTURE results ( Fig. 1a and Supplementary Figs. 4 and 5).
The differences in regional diversity were also seen in the LD patterns. The background level of LD is an indication of relatedness throughout the genome: the more related two strains are, the more often they have the same alleles at physically unlinked loci 23, 24 . Accordingly, we observed large regional differences in LD. For example, the Swabian sample, from a small area of only about 1,000 km 2 , had a background level of LD that was much lower than that in Central Asia, an area that is several 100 times larger (Fig. 3b) .
The observations on regional patterns of diversity and LD are consistent with previous proposals for the demographic history of A. thaliana, which postulated the existence of refugia around the Mediterranean and the Black Sea during the last glaciation. Apart from South Tyrol on the southern face of the Alps, Southern Russia and Central Asia were the most uniform regions, indicating that they were colonized relatively recently 21, 22, [25] [26] [27] .
In a genome-wide analysis of 20 genetically diverse accessions 28 , we had previously found that candidates for strong selective sweeps were rare, with only one very obvious region of about 0.5 Mb on chromosome 1. In our collection of 80 strains, this was again the only region that stood out in a genome-wide analysis of variation in haplotype diversity 29 and LD ( Fig. 4a and Supplementary Fig. 6 ). One other notable region was on chromosome 2, where we identified a block of elevated LD in the Caucasus (Fig. 4a) . If the chromosome 1 region corresponds to a relatively recent species-wide sweep, there should be an excess of low-frequency alleles; this is indeed what we found. Although the frequency of derived alleles (as deduced from a comparison with 
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A. lyrata 10 ) was not elevated, this sweep candidate was supported by the weighted integrated haplotype score (wiHS), a measure that we developed (see Online Methods) 30 (Fig. 4b,c and Supplementary Fig. 6 ). Additionally, wiHS was high near FRIGIDA (FRI), a locus previously demonstrated to evolve under positive selection 31, 32 . Differentiation between populations was not uniform across the genome. Both F ST and fluctuations of F ST were elevated closer to the centromeres (Supplementary Fig. 6 ). The highest peak distant from any centromere was found on chromosome 2 (Fig. 4d) . It spanned over 600 kb and differentiated the European populations from the Central Asian and Southern Russian populations. Two-thirds of all nonsynonymous SNPs that were not shared between the two geographic regions (F ST = 1) were located under this peak, with the extreme value suggesting that this part of the genome includes causal factors for population differentiation. This region also contained clusters of SNPs with high wiHS values (Fig. 4c) .
Comparing the mutational and polymorphism spectra
The spectrum of polymorphisms in a wild individual results from mutation and selection as well as from other processes such as biased gene conversion, which favors the transmission of G/C over A/T alleles 33, 34 . We exploited the reference genome sequence of the A. thaliana relative A. lyrata 10 to determine which alleles have arisen since the two species diverged about 10 7 years ago 35, 36 . Given a generation time of about 1 year and an experimentally determined mutation rate of less than 10 −8 per generation per site (ref. 15) , only a small minority of sites will have experienced multiple mutations, a fact that in turn simplifies the interpretation of the observed patterns.
The mutation spectrum in A. thaliana plants grown over a few years in the greenhouse is strongly biased. Six possible types of singlenucleotide changes can be distinguished, and G:C→A:T transitions account for about half of the observed mutations 15 . In the 80 accessions, the distribution of the different classes was much less skewed, and an excess of G:C→A:T polymorphisms was seen only in derived alleles of low frequency, most of which will be the result of relatively recent mutations. In contrast, among high-frequency derived alleles, A:T→G:C and G:C→A:T changes were almost in balance (Fig. 5a) . The allele frequency-dependent difference in the ratio of these two polymorphism types is in principle consistent with the effect of biased gene conversion, which can masquerade as selection for G/C over A/T alleles 34 . Such a phenomenon has previously been observed in A. thaliana, and biased gene conversion has been suggested as a possible cause (P. Calabrese, T. Hu and M. Nordborg, personal communication). However, biased gene conversion should affect G:C→A:T and C:G→A:T substitutions equally, which we did not find to be the case.
Deamination of methylated cytosines may account at least in part for the excess of G:C→A:T substitutions observed in the greenhouse 15 . In agreement with this possibility, we find that ancestral cytosines reported to be methylated in the A. thaliana reference strain by either of two groups 37, 38 had a more than twofold higher polymorphism rate than unmethylated cytosines, with the highest rate found in CHG sites (where H is A, C or T) ( Table 1) . We furthermore noticed that G:C→A:T transitions were not equally distributed throughout the genome; rather, the genome-wide excess over the opposite class is almost exclusively due to low-frequency SNPs in non-protein coding sequences around the centromeres, extending about 4 Mb into each arm ( Fig. 5b and Supplementary Fig. 7) . This is consistent with a slight over-representation of G:C→A:T polymorphisms in these regions among spontaneous mutations in the greenhouse 15 . This effect, in turn, probably contributes to the fact that these regions are more polymorphic than the rest of the genome, as has been noted before in A. thaliana 21, 22, 28 and rice 39 .
Polymorphism levels as measured by pairwise sequence differences are positively correlated with population recombination rate rho 5) . This relationship was supported by our data (Supplementary Fig. 8 ), but we found that the relationship was affected by chromosome location and polymorphism type; the proportion of explained variance, r 2 , could be as high as 0.49, for intergenic sites on the chromosome arms, and as low as 0.22, for synonymous sites in centromere-adjacent regions. As reported before 5 , genome-wide rho was only weakly correlated with recombination rates directly estimated from F 2 crosses (Supplementary Fig. 8 ). Perhaps most interesting is the finding of increased polymorphism rates in regions that cannot be aligned against the A. lyrata genome, with a compound effect of distance to centromeres. The fraction of nonsynonymous substitutions was also disproportionately elevated in these regions, which might result from a combination of increased mutation rate and less efficient selection (Fig. 5c,d ). Table 3 ). Furthermore, 27,167 small indels have the potential to cause frameshifts in open reading frames. However, we have recently found that multiple indels in A. thaliana often combine to restore the correct frame 18 , and thus the number of frameshifts that drastically change coding sequences is likely to be much smaller. Finally, 4,525 larger SV deletions overlapped coding sequences of 2,247 genes by at least 50 bp (Supplementary Fig. 9 and Supplementary Table 3) .
An atlas of high-confidence mutations
Because multiple out-of-phase indels can compensate for each other, because alternative splice sites might be used and because the boundaries of SVs are uncertain, we considered for further analyses only the most dramatic mutations, those that result in premature stop codons. As compared to those in previous studies 11, 28 , the much larger set of accessions analyzed here greatly increased the number of affected genes: 4,263 genes had a premature stop in at least one accession, and 2,793 in two or more accessions. Mutations were nonrandomly distributed: genes that were affected in more than one accession often had sustained independent drastic mutations (Fig. 6a) . The distribution across gene families was similar to what has been reported before, with the NB-LRR, F-box, RLK and RING families being the most commonly affected ones 11, 28 . Notably, these four families were also the most common ones represented in newly assembled fragments that did not align completely against the reference genome (Supplementary Fig. 2) .
Leaving the NB-LRR genes aside, it was surprising that for over 100 of the genes with premature stop codons, single or multiple mutant phenotypes have been reported in one of the commonly used laboratory strains (see URLs). We therefore suspected that many, if not most, of these were false positives. Dideoxy sequencing of PCR products, however, confirmed 29 out of 36 such SNPs genes with known single mutant phenotypes (Supplementary Table 2) . Of the remaining seven, two had the predicted SNP but also additional complex changes, and one had, in addition to the predicted SNP, an adjacent SNP that restored the open reading frame. Another one appeared to be heterozygous, likely because of a recent duplication, consistent with recent findings that different A. thaliana strains Non-alignable N o n -s y n S y n S y n N o n -s y n I n t r o n I n t r o n U T R U T R I n t e r g e n ic I n t e r g e n ic T r a n s p o s o n T r a n s p o s o n Site type Table 3 ). However, as for the SNPs, we cannot exclude the possibility that such deletions are compensated by nearby complex changes. Although many of the drastic mutations are rare and are thus unlikely to be adaptive (Fig. 6b) , there were notable exceptions. These mutations include those in PHYTOCHROME D (PHYD), for which a small deletion was previously reported to alter the light sensitivity of a single accession 42 and for which we identified multiple loss-offunction alleles. We also identified mutations that have occurred since A. thaliana and A. lyrata diverged, assuming that sequences identical in both species normally constitute the ancestral allele. We found 5,282 premature stop codons that had apparently arisen on the A. thaliana lineage; of these, 168 segregated at a frequency of 0.9 or higher.
Turning to more subtle mutations, we used MAPP to calculate the fraction of nonsynonymous mutations likely to be deleterious 43, 44 . As expected, deleterious mutations were rarer among high-compared to low-frequency derived alleles. There were, however, important differences between populations: whereas singletons were about four times as common as fixed alleles in most geographic areas, this difference was only about twofold in the Southern Russian and Central Asian groups. We found that the ratio of deleterious to tolerated mutations was highly negatively correlated with the effective population size (Fig. 6c and Supplementary Fig. 10 ). This can be explained by deleterious mutations accumulating at intermediate frequencies in small populations as a result of less effective purifying selection 44 . These observations are consistent with a recent bottleneck and a reduced effective population size of these marginal populations.
Finally, of 173 MIRNA loci, 17 completely lacked sequence coverage in at least one strain. These included, however, only two of the deeply conserved miRNAs, and both of these were in families with multiple copies. Of the remaining 15, 8 are not found in A. lyrata and 1 produces a different miRNA in A. lyrata 45, 46 . Similarly conspicuous was that the nonconserved loci were missing in as many as 33 strains, providing further evidence that these miRNAs are not essential (Supplementary Table 4) .
DISCUSSION
Our analysis of 80 genomes provides a survey of the majority of common SNPs, along with many small and large deletions as well as duplicated regions and nonreference sequences segregating in A. thaliana. These will include many variants that support adaptation to the wide range of environments encountered by the species across its native range. GWAS can be a powerful tool for identifying such alleles, as long as they are sufficiently frequent in the population, and several recent reports have demonstrated the potential of this approach for A. thaliana [6] [7] [8] [9] 47 . Much as in human studies, a first step in bringing GWAS to A. thaliana has been to genotype over 1,000 strains with about 216,000 tag SNPs that should predict over 90% of all common variants (see URLs). A pilot experiment has shown that as few as 96 lines can be sufficient for high-precision GWAS mapping of alleles underlying genetically simple traits 6 . The SNPs interrogated on the 216k SNP array have all been called in the 80 strains we have sequenced; thus, the collection of 80 lines, which is available from the Arabidopsis Biological Resources Center (CS76427), can be seamlessly integrated into any GWAS effort that makes use of the array data. We have shown that the polymorphisms identified in the 80 accessions can be used for highly accurate imputation of polymorphisms in strains that have only been analyzed with the 216k SNP array. GWAS scans with the imputed SNPs perform as well as with the directly observed SNPs, confirming the quality of the imputation approach (Supplementary Fig. 2e,f ; the fact that, unlike in humans, imputed SNPs in A. thaliana do not outperform the observed SNPs is likely due to the much higher density of observed SNPs, around 2 per kb). Furthermore, the near-complete sequence information in our 80 strains will often enable the direct identification of candidates for the causal variant underlying an adaptive trait. To increase the utility of our dataset for the community, we developed the web application POLYMORPH (see URLs) for query, analysis and visualization of polymorphism data. Arbitrary subsets of the 80 strains can be defined, and sequence data for selected genomic regions can be easily extracted for more detailed analyses.
Apart from population structure, a major challenge for GWAS is genetic heterogeneity, whereby different alleles at the same locus may have similar phenotypic effects 48, 49 . The power of combining functional information across alleles of different origin has been well known since the discovery of recurrent mutations in genes for Mendelian disorders in humans and in oncogenes. We have found that the pattern of 247  610  196  277  132  161  913  372  325  232  307  692 
open reading frames or delete portions of the coding region is not random, suggesting that genetic heterogeneity will be relevant in A. thaliana as it is in humans. Current GWAS methods, however, generally do not consider the nature of a variant allele because polymorphism information is incomplete and assayed variants are used only as proxies for all linked polymorphisms. Indeed, variation in one of the best-studied traits in A. thaliana, the requirement of extended cold for flowering, is to a large extent controlled by two genes, FRI and FLOWERING LOCUS C (FLC), with numerous alleles in the global A. thaliana population. As expected, allelic heterogeneity greatly complicates the detection of these loci in GWAS analyses 6 . With improved sequencing methods, the next phase of the A. thaliana 1001 Genomes Project should lead to the complete reconstruction of alleles, starting with reference guided assemblies 18, 50 . Use of the near-complete information afforded by studies such as the 1001 Genomes Project will in future support the joint consideration of all alleles predicted to decrease gene activity. Library preparation and sequencing. Genomic DNA from a single individual representing each strain was used for library construction and sequencing 51 ; progeny of the sequenced individuals were submitted to the stock center.
Prediction of SNPs and 1-to 20-bp indels. SNPs and indels up to 3 bp were called with SHORE 11 . From a matrix with empirically determined penalties for various alignment features, we calculated a quality score for consensus calls at each reference position. Features included alignment repetitiveness, absolute and observed-to-expected coverage, allele frequency, base qualities, sequence complexity, GC content, probability of misaligned indels and local coverage uniformity upstream (Supplementary Table 5 ). The 'core' of an alignment from positions 5 to n -5 was weighted more highly 11 . Expected coverage was computed from genome-wide correlation of local coverage and GC content.
To further flag difficult alignments in homo-and dipolymer runs as well as short simple sequence repeats, sequence complexity was defined by different triplets around the focal position. Individual variants were accepted with quality above Q24, or above Q14 for additional alleles at the same position.
To identify indels up to 20 bp, we combined BWA 52 (allowing gaps up to 20 bp) and BLAT 53 with a custom split-read indel prediction algorithm. All reads unmapped with BWA were aligned to the genome using BLAT. Nonrepetitive BLAT alignments with one gap in either query or target were merged with BWA alignments. A simple realignment algorithm was used to adjust gaps in homopolymers and simple repeats such that the last instance of the repeat was annotated as deleted or inserted. In a process similar to the consensus-calling algorithm of SHORE 11 , we implemented an indel prediction method based on a position-wise majority vote that takes into account multiple sequenceand alignment-based features as well as quality features describing the mapping quality upstream and downstream of the gap. To measure the likelihood of a misalignment, we computed the probability P that any heptamer of an anchor occurred by chance within the length of the indel. We further measured the sequence complexity of an anchor as the number of different triplets it contained. Gapped or split-read alignments with a length of greater than 6, a P value of < 0.005 and sequence complexity of at least 5 were accepted as high quality. Homozygous indels were accepted if they were supported by at least two high-quality alignments out of three alignments, had an allele frequency of greater than 0.51 and did not show coverage biases or repetitiveness.
SV deletion predictions. Distance and orientation of read mates were obtained with SHORE. Read mates were hierarchically clustered by insert type, orientation and size variation. Clusters were assigned to the different SV types. A statistical framework 54 was used to assign probability values (Supplementary Note), and read coverage was used to flag false positives. Complex rearrangements were excluded from further analysis. Transposable element deletions had to overlap reference transposable elements by at least 50 bp.
Assembly of sequences absent from the reference and CNV analysis. Leftover reads and their mapped mates, if any, were assembled de novo using Velvet 1.1 (ref. 55) . Contigs longer than 199 bp were aligned against the reference genome using MuMmer 3.2 (ref. 56) .
Copy-number variants were detected with three steps, by comparison with actual coverage of the resequenced A. thaliana reference strain Col-0. First, seed regions predicted in each accession were combined into a single set of CNV candidates, which were again evaluated in each accession. Seeds were identified on the basis of copy-variable positions (CVPs) and deviation from sequencing depth and expected coverage 11 . A seed had to satisfy the following criteria: at least one CVP: per-position coverage greater than 1.5× expected coverage; average coverage within the entire seed greater than 1.8× expected coverage and greater than 1.3× sequencing depth; and minimum length 50 bp. Seeds within 100 bp from each other were merged, retaining only regions greater than 999 bp. For evaluation of relative coverage of CNVs, read per kilobase per million (RPKM) values were recorded in each accession and Col-0, using the total number of aligned reads for each accession as the denominator. 59 ) was applied to 10,000 SNPs, randomly selected at 10-kb minimum intervals from all nonsingleton SNPs for which complete information was available. STRUCTURE was run in the admixture model and repeated ten times per k with a burn-in of 50,000 iterations followed by 50,000 MCMC iterations. To estimate the most likely value of k, we averaged the clusteredness statistic 60 over all repeats per k. We merged the different Q matrices with CLUMPP 61 and plotted population assignment with distruct 62 . Principalcomponent analysis of all SNPs was performed with EIGENSOFT 63 . The number of SNPs to be discovered by sequencing additional strains was estimated as described 64 .
Polymorphism statistics and tests for selection. Haplotype diversity 29 was calculated using all SNPs with a minor allele frequency of at least 5% and complete information. Haplotypes were defined as clusters of identical genotypes in a 10-kb window. Tajima's D 65 and Fay and Wu's H 66, 67 were calculated from all SNPs for which there was complete information and for which the likely ancestral state was available from comparison with A. lyrata. We have also developed a modified version of the integrated haplotype score (iHS 68 ), the weighted iHS (wiHS 30 ). We modified the original extended haplotype homozygosity statistic (EHH) 69 to account for unequally related strains or population structure in the sample with a matrix of pairwise distances between all strains. The contribution of each to the test statistic is weighted based on its uniqueness. We measure the uniqueness as average distance to all other strains with the same allele divided by the sum of all pairwise distances. In the classical EHH, all strains contribute equally. For the weighted EHH, the contribution of each strain is multiplied by its uniqueness value, which should reduce the bias caused by unequal relatedness in the sample, and then an integral over the weighted EHH scores around each focal SNP is calculated. All subsequent steps are identical to those in the original iHS approach 68 . The positions of SNPs on a genetic map were estimated using LDhat 70 .
LD and recombination rates. The ANALYSIS package 71 was used to calculate LD, using SNPs with information in at least 78 strains. A custom R script was use to plot LD decay. The population recombination rate rho was estimated using a penalized likelihood within a Bayesian reversible-jump Markov-chain Monte Carlo scheme (rjMCMC) implemented in the Interval program of LDhat 70 , using SNPs with information in at least 72 strains.
Deleterious substitutions. All amino acid polymorphisms were mapped onto their orthologous protein sequences from A. lyrata to polarize the alleles. The A. lyrata protein sequence was then used as query for a PSI-BLAST 72 search of the TrEMBL database 73 to construct a multiple alignment of homologous proteins. A neighbor-joining tree of these sequences was calculated with SEMPHY 74 . The multiple alignments and trees were used as input for MAPP 43 .
MIRNA locus coverage analysis. Genes were called absent if all positions were completely within SV deletions, had no calls or had zero coverage.
SNP imputation.
To construct the reference panel, we excluded structural variants and considered only SNPs with at least 90% information. The imputation system used is based on BEAGLE 75 . To improve local adaptation of the model, the genotype prediction was carried out in 5-Mb windows. A padding overlap of 1 Mb was added to the left and right of each such window to avoid boundary effects. Imputation accuracy was assessed on imputed genotypes, requiring different confidence levels of the imputation system.
